Abstract
Introduction 1 2
Iodoalkanes, such as methyl iodide are volatile compounds that participate in the depletion of 3 ozone in the atmosphere (Davis et al., 1996; Solomon et al., 1994) . Methyl iodide was first 4 analysed in seawater and air in the early seventies by Lovelock et al. (1973) , and was found to 5 be the most abundant iodo-organic compound in the atmosphere (Sive et al., 2007) . It was 6 therefore suggested to be responsible for the transfer of iodine from the ocean to the 7 atmosphere, and the subsequent destruction of the ozone layer. Alkyl iodides contribute to the 8 pool of volatile halogenated organic compounds, and participate in the tropospheric chemistry 9 of iodine as a source of iodine radicals and other reactive iodine species, such as HOI and HI 10 (see Table S1 for list of acronyms) (Carpenter et al., 1999). 11
The major source of iodoalkanes in the environment is considered to be from oceans (Saiz-12
Lopez et al., 2012; Smythe-Wright et al., 2006). Nanograms to micrograms per gram of dry 13
algae per day is the estimated release rate for volatile halogenated organic compounds in the 14 ocean (Gschwend et al., 1985) , with concentrations of alkyl iodide in air near oceanic region 15 up to 10-20 pptv due to the high biomass productivity (Rasmussen et al., 1982) . However, 16 terrestrial sources of methyl iodide were also identified e.g. volcanic emissions (Jordan et Photochemical formation of methyl iodide by sunlight was suggested to occur through the 25 MnO 2 , iodide and NOM varied in the range 0.01 -15 g L -1 , 3.9 -390 µM (0.5 -50 mg/L) 1 and 0.5 -50 mgC L -1 , respectively. The pH was controlled with NaOH and HClO 4 solutions 2 then 40 mL vials were filled without headspace to prevent the loss of volatile iodinated 3 organic compounds and sealed with PTFE-faced silicone septa. Vials were set on a rotary 4 tumbler for agitation at 25°C. Samples were withdrawn with a 50 mL gas syringe and filtered 5 using 0.2 µm membrane filter (Minisart, diameter 25 mm) to remove MnO 2 before 6
analysis. Experiments were performed in perchlorate media because the perchlorate ion is less 7 likely than other ions to form complexes with metal surfaces and with iodine (Fox et al., 8 2009). Adsorption of NOM was determined from the difference between DOC analysed in 9 NOM solutions before -MnO 2 addition and after filtration of MnO 2 suspension. 10
Methyl halide formation from the three model compounds were conducted with the same 11 procedure but acetate buffer (10 mM) was used at pH 5. 12 13
Analytical procedures 14
Iodide analyses were carried out with an ion chromatography and conductimetric detection 15 after chemical suppression (Dionex AS3000). A Dionex® AS19 column (internal diameter: 4 16 mm; length: 250 mm) and a Dionex® AG19 guard column (internal diameter: 4 mm; length: 17 50 mm) was used with 50 mM NaOH as eluent at 30°C. The injection volume was 500 µL. 18
The detection limit was 5 µg L -1 . Error bars indicate the relative standard deviation (RSD) of 19 triplicate analysis. 20
21
Volatile alkyl-iodides were analysed using gas chromatography (model Varian 3300) with 22 headspace injection and electron capture detection. Separation of alkyl-iodides was carried 23 out on a J&W/DB 624 30 m x 0.53 mm. Nitrogen was used as carrier gas. The oven 24 temperature was set constant at 35°C for 20 min. Detector and injector temperatures were 25 300°C and 80°C, respectively. The headspace vials were equilibrated for 4 hours at 50°C 1 before injection. Methyl iodide was identified by comparison of the retention time from the 2 direct injection of a standard prepared in MeOH. Quantification of methyl iodide was 3 performed using external calibration standards. Stock standard solutions of methyl iodide 4 were prepared in methanol by introducing 100 µL of analyte into a 40 mL vial sealed with 5 PTFE-faced silicone septa and diluted to volume. Solutions were stored at -20°C in the dark. 6
Standard solutions were prepared in ultra-pure water. 16 Different NOM isolates were tested upon the production of methyl iodide. Results are 17 presented in Table 1 and methyl iodide concentration and organic carbon adsorption are 18 plotted in Figure 5 
Conclusions 18
In this study a new abiotic mechanism for the formation of methyl iodide is described. Unlike 19 previous research, we postulate that the mechanism involves the oxidation of iodide to iodine 20 by manganese oxide, followed by iodination of organic compounds and C-C bond cleavages 21 on the manganese oxide surface. Methyl iodide formation was investigated in suspensions of 22 manganese oxide, and was found to be highly dependent on the concentrations of manganese 23 oxide, iodide, organic carbon, as well as pH and ionic strength. Experiments with pyruvic acid 24 confirm the mechanism and suggest that methyl halide would be formed as a minor byproduct of the iodination reaction between methyl ketones and reactive iodine species. The 1 diverse functional group composition of different fractions of NOM and their varying 2 manganese oxide adsorption affinities also influence the extent of methyl iodide formation. 3
The process described in this study provides new insight into the terrestrial production of 4 methyl iodide by an abiotic mechanism. Given that manganese oxides are widespread in 5 soil/water and are powerful oxidants, they may contribute significantly to the methyl iodide 6 input from terrestrial sources and consequently to the pool of volatile halogenated organic 7 compounds in the atmosphere. Little is known about the relative proportions of methyl iodide 8 originating from biogenic processes and abiotic formation from soil or water. As a result, it is 9 difficult to extrapolate these findings to a quantitative flux of emission and associated field 10 measurements have to be performed to estimate the contribution of this chemical process to 11 the methyl iodide budget. 
